The main purpose of this work is to obtain the metric of a charge tempered cosmological model obeying the Cosmological Principle, in the sense of an uniform distribution of a small density of charge, and taking into account the Coulomb interaction, which can be incorporated in the metric of a non inertial commoving referential frame.
I. INTRODUCTION
It is a common sense that, among the two long range interaction we know, gravitational and electromagnetic, only the first, being universal and cumulative, can be responsible for the great scale cosmic dynamic. So, the Standard Friedman and Robertson-Walker Cosmological Model [1−3] uses as a recipe an universe with an uniform distribution of matter and energy, which the dynamic given solely by the gravitational interaction obeying Einstein equations, except at the primordial Big Bang inflation, where all the interaction is believed to be unified and obeying the Quantum Mechanics laws [4] . As a result, we have an evolutionary, actually expanding universe, which must be decelerated due to the gravitational attractive interaction.
However, systematic observations of the recession velocities of type Ia supernova indicated a positive acceleration (or negative deceleration parameter) of the universe expansion [5−9] . To take account to these observations, the cosmological constant was reintroduced in the Einstein equations, which gives us then the positively accelerated solutions [10−12] . Physically, addition of the cosmological constant is equivalent to add an uniform and constant energy distribution with negative pressure responsible by the positive acceleration. It is known as dark energy, a counterpart of the dark matter used to solve the problem of stelar rotation in galaxies. The nature of the dark energy, as well as the dark matter, is not well understood, while the dark energy must be of the order of 70 per cent of the whole energy content of the universe, the dark matter 25 per cent and the normal matter just 5 per cent.
A natural way to introduce a repulsive acceleration is the Coulomb interaction between charged particles, and there are many attempts to deal with, but actual physics theories are strongly based upon symmetries and conservation laws, and one of the most stringent is the charge conservation. It is generally accepted that the universe as a whole have to be neutral because there is no mechanism for charge production in any actual theories like the Standard Model and other unified theories [13−15] . The electromagnetic interaction [16] , due to the presence of opposite charges, positive and negative, in perfect balanced amount, as it is believed, shouldn't be relevant at the great cosmological scale. There are many works to show how much charge asymmetry is admissible to be in agreement with present data [17−26] .
Actually, we are not going to be stressed by such estimative because it is reasonable to think that they depend on the geometrical environment, which is considered as given by the Robertson-Walker metric
the building base of the Standard Cosmological Model. We are using the metric g µν compatible with the Minkowskian metric η αβ with diag(η αβ ) = (−1, 1, 1, 1).
The first thing we have to do is to conciliate the geometrical environment with the physics content. If the physics content includes charge excess, the geometrical environment should be changed because we are adding global non gravitational interaction in such a way that the commoving referential frame is not a free fall anymore.
Charged gravitational systems, in the context of General Relativity, has been objects of recent studies, specially for isotropic and with rotational symmetric systems as stars and black holes. In such studies, the electromagnetic energy is incorporated to the total energy and momentum tensor, and it contributes to the metric tensor to take account this additional gravitational interaction source. However, Coulomb interaction is not considered at all but for its global effects that cause instability of the system until the great part of the charge excess had got away, as in the charged black hole formation [27−31] .
The region exterior to a spherically symmetric system with mass M and charge Q is described by the Reissner-Nordstrom metric,
In the absence of charge, Q = 0, and obviously it remits to the well known Schwarzschild metric,
A more generalized, taking into account a rotational symmetry, is the Kerr-Newman metric, for systems with angular momentum.
To make clear the role of the charge content of the Reissner-Nordstrom metric (2), let us go to write the equation of motion of a particle of mass m and charge q placed in a region of influence of this metric at radial distance r,
where f i ext is an external non gravitational force, actually the electrostatic force due to the charge Q. In Newtonian approximation, we have
for
where
and η ij are the spatial components of the Minkowskian metric. As the system is isotropic, the equation of motion reduces to its radial component
From (2), 1 2
and the equation of motion can be written as
It is clear the role of the charge component of the metric tensor as an additional gravitational source due to the electrostatic self energy Qφ(r), where
is the electrostatic potential, and the Coulomb interaction force between charges q and Q,
must be put by hand. It is understandable because the source of the charge term in the (2) metric is the additional electromagnetic energy and momentum tensor included in the source of the Einstein equations.
II. COSMOLOGICAL MODEL
Let us go to consider the Standard Cosmological Model tempered with an uniform distribution of a small excess of electric charge, no matter where it is from. In cosmological scale, there is no chance the charges scape to get away. Instead, due to the electrostatic repulsion, any excess of charge will be distributed uniformly in the whole universe and the Coulomb interaction will act equally at all portion of the universe and certainly it is very stronger than the gravitational force due to its electromagnetic energy. At this cosmological scale, matter and charge are constrained to move solidary due to a combined gravitational and electrostatic forces, and therefore, as the universe evolution is given by a scale factor, it is convenient to incorporate this global electrostatic interaction in the structure of the metric.
Of course, the charge distribution depends on the nature of a possible charge asymmetry, which can result in a charge distribution proportional to or independent of the matter distribution. For example, if this eventual excess of charges, positive or negative, is due to a proton-electron charge asymmetry, the charge distribution is likely to be proportional to the matter distribution. In the other hand, if it is from an asymmetry between the number of positive and negative charged particles like the matter-antimatter asymmetry, with a final excess of electrons in relation to protons or vice-versa, due to the electrostatic repulsion and the extreme mobility of the particles such as electrons, any excess of charge, positive or negative, will be distributed uniformly, surpassing any matter inhomogeneity and getting a complete annulation of the electromagnetic field, a scenario we are seeking for.
In an uniform universe, with matter, charge and anything else distributed uniformly, there is no vector field, and scalar fields such as the electrostatic potential must be spatially uniform. In such sense, Maxwell equations are insensitive to an uniform charge distribution.
Actually, it is possible to think that the sources of Maxwell equations are related to the fluctuations of the positive or negative charge distribution around a sea of an uniform charge distribution that should be not necessarily neutral. From the electromagnetic point of view, the assumption that the total charge distribution of the universe is null may be so arbitrary as to assume that it is not.
A. Commoving Referential
The Standard Cosmological Model is built on the basis of the Cosmological Principle, which postulates the homogeneity and isotropy of the universe, geometrically traduced by the Robertson-Walker metric (1), where the coordinates are defined on a commoving referential frame. It is locally inertial and the time coordinate can be defined to coincide with the proper time,
which permits the synchronization of all clocks at rest in this commoving referential, and any object at rest will satisfy the free fall equation of motion,
So, it implies
and, since g ij are components of a non singular matrix,
which is identically satisfied by the Robertson-Walker metric.
The absence of electrostatic field does not mean absence of electrostatic interaction between parts of the system. Actually, each part of the system acts, with a repulsive electrostatic force, on all the rest of the system, and while the total force on it is null, it implies that the system as a whole is under a nonzero pressure favor to increase the whole volume.
Our present challenge is to incorporate the global Coulomb interaction into the metric, and we have to be ready to pay a just price for it. In a general case, it is not possible to make the geometrization of the electromagnetic interaction as it is done in gravitational interaction because the Equivalence Principle is valid just for gravitation. However, in an uniform distribution of the charge density in the whole universe, electromagnetic and gravitational forces, in a large cosmological scale, must work solidary because there is just only one degree of freedom to keep the homogeneity and isotropy of the Universe, and the commoving referential is not any more a free fall locally inertial system. As it acts globally, the Coulomb interaction can be incorporated into the metric as the responsible for the referential acceleration.
Let us consider the equation of motion of a electrically charged particle with charge q and proper mass m 0 ,
which spatial component is
where f i ext is the Coulomb force that, in the commoving referential, is f
have, in the commoving referential,
and therefore
Also, from U µ U ν = g µλ g νκ U λ U κ , we obtain
The radial equation of motion of a rest particle turn to be
where we are using the relativistic mass m = m 0 / √ −g 00 and we are considering the isotropy.
So, in a commoving referential, any particle at rest must satisfy the condition
or, considering radial symmetry,
as well as
For electrostatic force, due to the asymmetry of the electromagnetic tensor
such that we will have Γ 0 00 = 0.
From the affine connection
considering the isotropy, we obtain, from equations (25) and (26),
Because it is possible, always, to impose g 00 be time independent, it results
From the spatial equation (24), we have
Equations (29) and (30) are compatible only if g r0 = 0. Also, in a symmetric space, non diagonal components can be eliminated with a redefinition of the coordinates. After these considerations, we can go to construct the metric of our charge tempered universe.
B. Charge tempered metric
Let us consider the general form of the metric of an uniform space,
with the usual construction
where R(t) is the space scale factor. Now, substitution of the component
of the affine connection in equation (24) 
where F is the radial Coulomb force that acts on any region of the universe.
Let us consider a spherical region with radius r and charge Q, where
for an uniform charge density ρ Q . Now, let us take a small volume ∆v with charge and mass contents, q = ρ Q ∆v and m = ρ∆v, respectively, where ρ is the uniform mass density and the small volume ∆v is placed on the surface of the spherical region. The Coulomb force acting on ∆v due to its charge q due to the charge Q is
corresponding to the force per mass unit ∂g 00 ∂r = 4π 3
For a diagonal metric tensor, the orthogonality condition
∂g 00 ∂r = 8π 3
where λ Q is the constant of separation of variables which we will name the charge parameter.
The spatial equation is
or, using g rr (r) = ( g rr (r))
and the temporal equation defines the charge parameter 8π 3
The metric functions g 00 (r) and g rr (r, t) must be obtained solving the Einstein equations
together the constraint equation (42).
In principle, we must to add, explicitly, the electromagnetic energy contribution to the source term of the Einstein equations. But the electromagnetic energy must be uniformly distributed in such a way that it can be incorporated to the matter density ρ, so the energy momentum tensor will be the same perfect fluid of the Standard Model,
The source term
has the time-time
and the three diagonal space-space
as the non zero components.
Spatial homogeneity and isotropy imposes the metric in the form (31), its unknown components g 00 (r) and g rr (r, t) being connected by (42), the energy and matter distribution given by (45) and the constraint (43) for charged matter distribution, all of then related by
Einstein equations (44).
The left side term of the Einstein equations (44) is the second order Ricci tensor
contraction of the Riemann curvature tensor
fully dependent of the space-time geometry and its metric via affine connection (27) ,
In particular, the non zero components of the Ricci tensor are
and
Exhaustive and systematic calculations are necessary to obtain, first, all components of the affine connection, and then these Ricci tensor components. Components of the affine connection are given in the appendix, from which we can obtain the Ricci tensor. The time-time component (52) become
which, using equation (42), can be rewritten as
where we are using the auxiliary notation
with large upper dot to indicate time derivative to distinguish it from the proper time derivative with normal upper dot
R .
The space-space component of the Ricci tensor, equation (53), can be decomposed as
The general expression valid for the space-space components is
The radial component can be written as
or the alternative form
which contains additional compared with the two angular components. As the three diagonal space-space components of the Einstein equation must have the same form, the additional term of the radial equation can be eliminated by imposing the condition
This condition, applied to the time-time component given by equation (54) or (55), leads it to
and the space-space components, equations (60), assume the general form
The condition (63), left equation, can be simplified,
and rewritten in the simple form
its solution given by
The same condition (63), right equation,
We are going to impose A = 1 and C = −1 such that, for λ Q = 0, we will have g rr = 1
and g 00 = −1, as in the Robertson-Walker metric, equation (1), for the case k = 0. From such conditions, we get
the metric (31) taking the final form
The scale factor R(t) define the time evolution of the universe, and must be obtained solving the Einstein equations (44). Remember that, to define completely the space-space components of the Ricci tensor (65), we need to obtain the terms R ij defined in equation (59), which reduces to
using the components of affine connection given in the appendix. So, equation (65) becomes
The metric (73) was built imposing just space homogeneity and isotropy as in the case of the Robertson-Walker metric, but it has a very important difference between them. Both are for commoving referential, but the Robertson-Walker was built such that the cosmological time coincides with the proper time of each observer referential and any observer at rest in any place will measure the same time. It is possible because all of them are local free fall referential.. On the other hand, in the charge tempered model, the commoving referential is not a free fall referential, but instead it is an accelerated referential, the acceleration due to the Coulomb force, and the metric (73) does not permit the synchronization of clocks at different place. The relation between the time in the commoving referential and the proper time is given by
Relations between the time derivatives in relation to these two times are given by
and, as the g 00 is time independent,
define proper time derivatives. Using such relations, the time-time and space-space components, (64) and (75) become
respectively..
From the time-time component of the Einstein equations (44),
the Ricci tensor component (80) and the source term (47), we obtain
or
From the space-space component,
the Ricci tensor component (81) and the source term (48), results
which, combined with the acceleration equation (83) results the velocity equation 
C. Energy and momentum conservation
The energy and momentum conservation is given by
where g is the determinant of the metric tensor, Γ µ νλ T νλ and G µ are the gravitational and non gravitational forces, respectively, action on the system. For the energy and momentum (45), results
the time component
for energy conservation. Using the condition (29) and the equations (19) and (21), it becomes
Considering that √ g ∝ R 3 and g 00 is time independent, it results
which coincides with the expression
that defines the energy conservation in the absence of charge distribution, when only the gravitational is present. In the presence of charge distribution, we have
which can be rearranged as
The term with G 0 is the Coulomb interaction contribution to the energy conservation of the system. Let us write the last equation as
with an unknown term X, to be calculated. Also,
Derivative of the equation (87) with respect to proper time, using equations (96-98) and comparing with (83) leads to
the second equality coming from the charge parameter definition (43). Substituted in equation (96), we have
or, equivalently, using explicitly the charge parameter λ Q , 
where ∆t 0 and ∆t are the observer and the distant object time interval, respectively. It means that distant object should be older then what we are seeing.
The scale factor R(t) is obtained solving the differential equation (87), but it depends on the equation of state p(ρ), not trivial because it contains Coulomb interaction. We are tempted to make p = 0, when (84) with (43) becomes
that defines the critical charge density such that
above which we will have positive acceleration
..
R > 0 (negative deceleration q < 0). For at present day, with the normal baryonic matter of about ρ 0 ≃ 0.03ρ c , it results the present critical charge density
Numerically, using G ≃ 6.667 × 10 −8 cm 3 /(g.s 2 ) and ρ c ≃ 1.88 × 10 −29 g/cm 3 , we obtain
one electron charge for each volume of (1000km) 3 .
Remember that, for p = 0, equation (101) turn to be
with solution
where ρ 0 (λ Q ) is the constant of integration that must be adjusted to satisfy the conditions ρ 0 (λ Q = 0) = ρ 0 and ρ 0 (λ Q ) = 0, the last condition because, for a null pressure, the acceleration equation (83) with (108) becomes
that must vanish at critical charge density ρ Q , so we will must have
In terms of present values, we have
The deceleration parameter
can be obtained from equations (83) 
For a zero pressure, it corresponds to ρ Q,0 = 2 √ G ρ 0 , twice the critical value (106). 
